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ABSTRACT

Balloon observations of bremsstrahlung accompanying a sudden
impulse of 955y in H indicates that the x-ray fluxes were soft,
v

with e-folding energy EO * 13 keV, and relatively unstructured

in time.



INTRODUCTION

The precipitation of electrons on the auroral zone has been
observed with various forms of geomagnetic activity: positive and
negative bays, giant-and micro-pulsations as well as the sudden
commencement of geomagnetic storms. Under these conditions as well
as others of relative magnetic quiet, the electron influx displays
various types of time variations, most readily observed through
bremsstrahlung reaching balloon altitudes. The range of these temporal
features extends from microbursts (Anderson and Milton, 1964) of less
than one second duration to pulsations (Barcus, et al, 1966) with
intervals between consecutive peaks from 5 to 15 seconds and beyond
to long-period pulsations (Anger, et al, 1963) where the time scale
reaches up to several hundred seconds between peaks. All of these
variations were identified after the observation of electron preci-
pitation at the sudden commencement of magnetic storms (cf., e. g.
Brown, 1966). In addition, the earlier SC observations were made
either with instruments or in conditions where little time-resclution
was possible. Thus, it is of interest now to examine strong,
transient magnetic disturbances to see what forms of electron preci-
pitation occur. The present note deals with the precipitation

accompanying a sudden impulse (SI) in the geomagnetic field.

OBSERVATIONS

An SI of excellent quality occurred at 2115 UT on September 3,
1966 and involved the following changes in the magnetic elements at
College, Alaska: AH = +955y, AZ = -320y and AD = 33'W, followed by

861E and then 41'W. This event took place during a period of
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disturbance characterized by a local K-index of 7 and is shown in
relation to the other magnetic activity surrounding it in the storm
magnetogram in Fig. 1. A reproduction of the rapid-run magnetograms
is shown in Fig. 2 where it is seen that the SI began a few seconds
before 2115 UT, peaked in H at 2117:30 UT and had returned to a
pre-disturbance level at about 2124 UT.
On this occasion, a balloon flight was in progress at 9 gm/cm2
atmospheric depth, monitoring auroral x-ray fluxes with an uncolli-
mated NaI(Tl) scintillation counter (5.08 cm diameter, 1.27 cm height)
and a multi-channel differential pulse-height analyzer. The flight
record from 1200 UT to O400 UT of the following day is shown in
Fig. 3; this covers the more active phases of the geomagnetic activity
associated with the solar cosmic ray flare of 0538 UT on September 2,
1966.

When the SI occurred, the x-ray intensity was recovering from a
moderate increase of auroral origin which started at 2102 UT and
peaked around 2106-07 UT. The x-ray intensity variations associated
with the SI are shown in Fig. 4, given by l-second averages over
the major portion of the event. This shows that (1) the x-ray
intensity began to rise with the start of the SI but the major increase
got under way at 2115:45 UT, (2) the x-ray flux peaked at 2116:35 UT,
some 55 seconds before the SI peak, and (3) the x-ray intensity
showed some weak pulsation features superimposed on the main rise
and fall of the event but nothing of a rapid, striking nature. This
last point was borne out by a detailed examination of the x-ray
record where brief, intense microbursts were not evident in spite of

the resolution available. This is in striking contrast to the



activity starting at 2102 UT, shown in Fig. 5. Here, the intensity
rose to a comparable level but with a number of strong microbursts
in the initial increase and peak; beyond the peak, the temporal
variability decreased and by the time the SI took place, the time
variations of the x-ray flux were quite small and without apparent
order.

Turning to spectral features, the SI precipitation was relatively
soft throughout the event, the x-ray spectra being comparable to
that at the peak shown in Fig. 6 which is characterized by a folding
energy EO ® 13 keV beyond the low energy portion strongly affected
by atmospheric absorption. This differs considerably from the preci-
pitation in the increase starting at 2102 UT; here, with the rapid
time variations at the onset, the spectrum was harder with EO z 30
keV but became progressively softer with EO approaching 10-15 keV

as the microburst activity subsided.

DISCUSSION

SI's, like SC!'s, result from the impact of solar plasma on the
magnetosphere. Both types of events are relatively brief but SCts
are followed by further disturbances as streams of plasma envelop
the magnetosphere, leading to storm conditions of long duration. In
spite of the continuing plasma flow, SC precipitation is known
(Ortner, et al, 1962) to be relatively prompt and last only a few
minutes. Thus, it would be expected that SI precipitation would be
brief also; the present observations bear this out.

Lacking any details of the temporal and spectral features of
SC precipitation, there has been no guide to anticipate similar

aspects of SI events. Now that the present observations show soft,
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relatively featureless x-ray intensity variations following an SI,
one can reverse the order and speculate that similar conditions would
prevail with SCt's. Whether this holds up or not depends on how
typical the present SI event proves to be. 1In any event, the initial
change in the field seems to be the determining factor for precipi-
tation, not the duration of magnetic disturbance or plasma flow.
Finally, other comments prompted by the present observations
are the following: the SI precipitation was weak (~6O photons cm2-
séc-ster averaged over the upper hemisphere) in comparison with
auroral events even though the magnetic disturbance was quite large;
(2) the x-ray spectra was relatively soft considering the fact that
typical auroral x-ray fluxes harden toward noon (Barcus and Rosenberg,
1966). These points might be rephrased by saying that this large,
transient magnetic disturbance did not couple into or trigger the
mechanism(s) responsible for the more typical forms of precipitation

in the auroral zone.
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FIGURE CAPTIONS

Storm magnetogram from the College Magnetic Observatory,
September 3, 1966. (Positive changes in H upward, in Z
upward; eastward changes in D downward.)

Rapid-run magnetogram for the sudden impulse. (Positive
changes in H upward, in Z downward; eastward changes in
D downward.)

X-ray intensity variations (logarithmic scale) from
Flight 10, Fairbanks, Alaska, September 3, 1966

Sudden impulse x-ray intensity variations, given by
one-second averages for energy losses greater than 25 keV
Auroral x-ray intensity variations preceding the sudden
impulse

Energy variation of the SI x-ray peak, with the counting
rates averaged per unit energy over the following energy

ranges: 25-50 keV, 50-73 keV, 73-102 keV and 102-146 keV.
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Figure 2



€ a4nbiy

0020

0000 00¢t

AWIL TVSIIAINN
0002 0081

0091

oorlL oozl

A

)/

/m

L RT4

)

]

S3SSO1 AD¥INI

/

2

23S/SINNOD

/

O T AN TR
]

9961 ‘€ ¥IGWILd3S
WISY1V ‘SOINVIYIV4

/

\ oL 1HOI
/




AWIL TVSIIAINN
8lIZ YAl

A® ST L S3SSO1 ADYINI

9961 ‘€ ¥3IW3ILdIS
VISVTV ‘SHNVENIVA

Ol 1H9DI14
S Y S B B

|

0002

0oov

0009

23S/SINNOD



¢ ainbiy

cle LLLe oue 6012 80LZ

IWIL TVSYIAINN
01z 901z

sole

vole

€ole

cole

I ] I |

A®Y 6T € $38SOT1 AD¥INT

| ] | ]

| I
9961 ‘€ ¥IIWILd3S
VASYIV ‘SINVRIIVA

Ot IHOIH

— 0002

-1 0007

—{ 0009

0008

03S/SINNOD




dR/dE (COUNTS/SEC - keV)

100

10

0.1

T I I I T
—_—

— R ~S— -

— . T —

— ; T 1 -

— ~—
| | | 1 | | 1
20 40 60 80 100 120 140

ENERGY (keV)

Figure 6




